The BetaDBC Library

This document describes the BetaDBC (Beta DataBase Connectivity) library for communicating
with relational databases using SQL (Structured Query Language, [Date 1993]). The library
implements the pattern connect i on used to model connections to relational databases. This
pattern contains patterns for querying and manipulating relational databases. Additional support for
transactions may be added by including the fragment t r ansact i ons.

1 BetaDBC Basics

Generally speaking there are two ways of programming to arelational database, namely using

1. Embedded SQL. Using this approach SQL statements are embedded in a host language.
Using a Database Management System (DBMYS) specific precompiler, the application
program is precompiled, transforming statements containing shared variables (variables
shared by the DBM S and the application program) into DBMS library calls. After
compilation the program is linked with the DBMS' runtime library.

2. Call Level Interfaces (CLIs). These are libraries of functions. The functions are the native
application programming interface of the DBMS or callsto it. In thisway, a precompiler is
not needed.

Both approaches suffer from some problems athough standards have been proposed: Embedded
SQL ties a program to a specific DBM S meaning that at least a new compilation will have to be
made if anew DBMSisto be used. CLIs are hard to learn and often contain alot of DBM S specific
functions.

BetaDBC combines these two approaches in such away that although shared variables may be used
aprecompiler is not needed and furthermore all DBM S may be treated alike. In order to achieve this
BetaDBC currently builds upon and extends Open DataBase Connectivity (ODBC [Geiger, 1995])
— an industry standard for CLIs.

This means that the architecture of atypical BetaDBC application may be outlined as below:
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A BETA application typically connects (via a connection) to aDBMS via BetaDBC, calls BetaDBC
functions, processes results and disconnects. The driver manager loads and unloads drivers as
requested by applications, and processes function calls before sending them to adriver. The driver
then processes the functions calls, submits SQL requests to data sources and returns results. Data
sources encapsulate the data in form of tables that a user wants to access together with an associated
operating system, DBMS, and network platform (if applicable) used to access the DBMS.

Details on how to create data sources and use BetaDBC in this environment will be given below.

2 The BetaDBC Interface

The BetaDBC interface is built around the concept of aconnect i on that models a connection to
arelational DBMS. The BetaDBC interfaceto aconnect i on is (see below for the full interface):

Connection: (*)
(# <<SLOT ConnectionLi b: Attri butes>>;
declareVar: (*) ...;
decl arel nteger: (*) declareVar ...;
decl areReal : (*) declarevar ...;
decl areText: (*) declarevar ...;
decl areBool ean: (*) declarevVar ...;
decl areDate: (*) declarevar ...;
decl areTine: (*) declarevar ...;
SQStatement: (*) ...;
directSQLStatenent: (*) SQStatenent ...;
preparedSQ.Statenent: (*) directSQStatenment ...;
resultSet: (*) ...;
open: < (*) ...;
close:< ...;
connecti onExcepti on: < BDBCException ...;
connecti onWar ni ng: < BDBCWarning ... ;
private: @<SLOT ConnectionPrivate: Descri ptor>>
#)

2.1 Data Sources

In order to useaconnect i on adata source must be created (See the tutorial for specifics.). To
communicate with an existing data source the user must first create an instance of the
connect i on pattern. Calling the open method onaconnecti on:

open: < (*)
(# nane: “text;
user Name: "text,;
password: “text;
openConnecti onExcepti on: < BDBCExcepti on (# do |INNER #);
openConnect i onWar ni ng: < BDBCWarni ng (# do | NNER #)
enter (nane[], userNane[], password[])
<<SLOT Connecti onQpen: DoPart >>
#);

then makes it possible to communicate with the data source. When calling open the name of the
data source must be supplied whereas user name and/or password may be omitted as appropriate.
Consider as an example the statement



(‘ull man97’,’ marius’, none) - >sql Con. open

The statement opens a connection to the data source name ‘ullman97’ for the user ‘marius without
specifying a password.

2.2 Shared variables

Definition of shared variables are done viathe ‘decl ar e...” methods. To e.g. declare atext t xt
as a shared variable named ‘txt’ use

‘ st udi oNane’ - >decl ar eText
(# set::(# do val ue->studi oNane #);
get:: (# do studi oNane[]->val ue[] #)
#)

2.3 SQL Statements

Data manipulation and definition is done using the SQL statement patterns. The SQL statement
patterns have the following interfaces:

SQSt at emrent : (*)

(# <<SLOT sqQst atemant Li b: Attri but es>>;
execut e: <(*)
close: (*) ...;
execExcepti on < Bet aDBCException ...;
execWar ni ng: < BetaDBCWarning ... ;
private: @<SLOT SQLStatenentPrivate: Descri ptor>>;
get:< ...;
set:< ...

enter set

do I NNER

exit get

#)

direct SQLSt at ement : (*) SQ.St at enent
(# <<SLOT DirectSQLSt at emant Li b: Attri but es>>;
current Marker: ( ) @.

mar ker: (*) ...

b: (*) marker ...;
c: (*) marker ...;
d: (*) marker ...;
f: (*) nmarker ...;
i: (*) marker ...;
s: (*) marker ...;
t: (*) narker ...;
execute::

execDi rect Excepti on: < Bet aDBCException ...;
execDi rect War ni ng: < Bet aDBCWarning .. .;
pri vat e: @:<SLOT Di rect SQLSt at ement Pri vat e: Descri pt or >>;
set:
get Expanded (*)
do | NNER
#)

prepar edSQLSt at enent : (*)

To use astatement st nt one must first associate it with an SQL statement asin



‘*SELECT title, length FROM Movi e WHERE st udi oNane = '’ Disney’ '’ ->stnt

Invoking execut e on st nt will then cause the SQL statement to be executed at the database.

A prepar edSQSt at ement differsfromadi r ect SQLSt at enent inthat a prepared
statement is parsed and prepared by the data source when the statement isinitialised, i.e. executing
the statement above will, if st nt isapr epar edSQLSt at enment , cause the contents of the SQL
statement to be sent to the database in order for it to be parsed and prepared for future execution. If
stnt isadirect SQLSt at enent no communication with the database will occur before calling
execut e.

In thisway a prepared SQL statement is alittle Slower to initialise than a direct SQL statement but
much faster to execute. Use apr epar edSQLSt at enrent only when an SQL statement has to be
executed severa times.

The contents of adi r ect SQLSt at emrent can be any SQL statement with embedded shared
variables and/or markers, i.e. adi r ect SQLSt at ement st nt may beinitialised asin

*SELECT title,l ength FROM Movi e WHERE st udi oNanme = :studi oNanme AND year = %’
->stm

Here ‘studioName' is the name of a shared variable declared as shown above. The value of the %i
marker may be set usingthei patternindi r ect SQLSt at enent . Now suppose that the
following statements have been executed

do ...; ‘Disney’->studi oNane; 1990->stnt.i;
When executing the SQL statement the SQL contents of the statement will then conceptually be
SELECT title,l ength FROM Movi e WHERE st udi oNane = ‘Di sney’ AND year = 1990

i.e. before sending an SQL statement to a database the embedded shared variables and the markers
are, conceptually, substituted for their current values. After execution the contents of the statement
can be changed, the markers can be reset or the statement can be closed.

A preparedSQL Statement is used similarly to a directSQL Statement.

2.4 Results

Executing an SQL statement st mt will yield aninstance of r esul t Set (herer s isareference
to aresultSet):

stnt. execut e->rsj[]

A resul t Set implements an interface to an SQL cursor in the following way

! Note that, currently, apr epar edSQLSt at enent isimplemented asa
di rect SQLSt at enent .



resul t Set: (*)

(# <<SLOT ResultSetLib:Attributes>>;
col umCount: (*) integerValue ...
rowCount: (*) integerValue ...
colum: (*)...;
get Col um: (*)...;
get Col umByNane: (*

resul t: (*)
(# <<SLOT Resul tLib: Attributes>>
mar ker: (*) ...;
. marker ...;
c: marker ...;
d: marker ...;
f: marker ...
i: marker ...;
s: marker ...;
t: marker ...
private: @..
#);
scan: (*)

(# current: @esult;
var Not Decl ared: <(*) exception ...;
unknownCol umm: <(*) exception ...;
pattern: “text

enter pattern[]

#);
resul t Set Excepti on: < BDBCException ...;
resul t Set War ni ng: < BDBCWarning ...

private: @..
#)

Givenar esul t Set thescan method iterates over ther esul t sinther esul t Set . There are
three distinct ways to control the scan. Firstly, one may simply execute

rs.scan(# ... #)

In the do-part of the scan one may then refer to the values of the columnsin the result. Thisis done
sequentially by referring to the markers of the current r esul t . If e.g. r s wasretrieved as shown
above,

rs.scan(# do current.s -> puttext; put; current.i->putint; newine #)

will scan over theresultsinther esul t Set and print the values of their columns on the screen.
Also, one may enter a string when evaluating a scan pattern asin:

‘ititle %' ->rs.scan(# do title->puttext; put; current.i->putint; newine #)

Hereti t | e isashared variable named ‘title’. This statement prints the same as above but by
providing an input string it is here specified that the first column of each r esul t should be
assigned to the shared variable ‘title’ and that the second column of eachr esul t isan integer that
will be fetched viathei marker. In general one may in this way specify how each column of a
resul t should be treated.



The two ways of scanning shown above may, in some circumstances, be problematic in that they
assume a specific ordering of columnsinther esul t s. Therefore, the last way of doing a scan
names the columnsinther esul t Set , asine.g.:

‘length: % title:title' ->rs.scan
(# do title->puttext; put; current.i->putint; newine #)

In thisway the order of the columns in the result may be changed from ‘title,length’ to ‘length,title’
without any problems for the last way of scanning.

3 Transactions

Many data sources support the use of transactions. In order to use this capability from BetaDBC the
fragmen ‘transactions' may be included. An outline of the interface of this fragment is shown
below. The full interface may be seen in section 5.3.

ORI G N ' bet adbc' ;
BODY ' private/transacti onsbody';
- connectionLib: Attributes --
transacti onsSupported: (*)
(# isSupported: @ool ean

exit isSupported
#)
aut oConmi t Mbde: (*)
(# autoConmit: @ool ean

enter (# enter autoCommit ... #)
exit
(# ...
exit autoConmit
#)
#)
readUnconmitted: (*) integerValue (# ... #);
readConmitted: (*) integerValue (# ... #);
repeatabl eRead: (*) integerValue (# ... #);
serializable:(*) integerValue (# ... #);

transacti onLevel Supported: (*) bool eanVal ue
(# level: (*) @nteger
enter |evel
#)
transacti onLevel : (*)
(# level: (*) @nteger
enter (# enter level ... #)
exit
(# ...
exit |evel
#)
#)
commt:(*) (# ... #);
rol | Back: (*) (# ... #)

The scope of atransaction is a whole connection including all statements allocated in it. The default
isthat every execution of an SQL statement start a new transaction and automatically commits the
effects of this statement after the statement has completed. This autocommit mode may be chagned
to manual commit mode by by evaluating



f al se->sql Con. aut oConmi t Mode

wheresql Con isaninstance of aconnect i on. Note that thisis only meaningful if
transacti onsSupported evauatestot r ue. In manual commit mode a series of database
manipulations may be committed by executing conmi t . Equivalently a series of database
manipulations may be aborted by executingr ol | Back.

Four transaction isolation levels (as defined in the SQL standard) are available, namely
readUncommi tted, readCommi tted, repeat abl eRead, and seri ali zabl e.
Whether atransaction isolation level, such asseri al i zabl e, is supported in a given connection
may be checked by evaluating e.g.

seri al i zabl e->sql Con. transacti onLevel Supported

4 Tutorial

The sample programs shown in the tutorial may be found inthet ut ori al directory
accompanying BetaDBC. The examples use a database schema and examples from [Uliman, 1997].
It supposes that the reader is familiar with basic SQL and focuses on teaching the essentials of using
BetaDBC.

4.1 Creating a data source

In order to use BetaDBC a suitable data source must be created. Currently, data sources are created
outside BetaDBC. Different procedures must be followed depending on the operating system used.
Thiswill be changed in a future release of BetaDBC.

4.1.1 Creating a data source on Windows 95 and NT

In the ” Start” menu choose ” Settings’ and ” Control Panel”. Start the ODBC (32 Bit) application
from the “ Control Panel”. Press” Add...” and choose the database driver that you want to use, then
press " Finish”. Follow the driver specific instructions.

4.1.2 Creating a data source on Unix

You will need a. odbc. i ni fileinyour home directory. Create such afile if it does not exist.
A sample. odbc. i ni file may look like

[ul I man97]
# novi e dat abase in PostgreSQ
Driver = /users/postgres/lib/libcliPG so

[defaul t]
# default to odbc gateway
Driver = /users/postgres/lib/libcliPG so

Here ‘ullman97’ and ‘default’ are names of data sources. Each data source at least specifies which
ODBC driver should be used when connecting to that data source, both data sources above a driver
for the PostgreSQL database is used. Furthermore it may be necessary to specify some driver
specific attributes of the data source. Thisis tentatively done with the ‘...’ s above. See the specific
driver’s documentation for details. << Lidt bedre forklaring her nar PostgreSQL er blevet sat rigtigt
op>>.



In the following it is assumed that a suitable data source named “ullman97” has been created.

4.2 Creating a database

The next step will then be to create and insert values into a database. Let’ s use the following sample
database schema

Movi e(title, year, length, inColor, studioNanme, producer CNo)
Starsln(novi eTitle, novieYear, starNane)

Movi eSt ar ( nane, addr ess, gender, bi rt hdat e)

Movi eExec(nanme, address, certNo, netWrth)

St udi o(nane, address, presCNo)

A series of SQL statements creating the database schema may be found in

cr eat enovi edbt abl es. t xt . Thetext files used in this section are shown in section 6.
Create the tables corresponding to this schema by running the execut esql fi | e program also
foundinthet ut ori al s directory:

[postgres@leliriumtutorial]$ ./executesqlfile createnovie.txt ullnmn97

How theexecut esql fi | e program isimplemented will be discussed later. Y ou may now insert
some values in the database by running

[postgres@leliriumtutorial]$ ./executesqlfile noviedbtabl es.txt ullmn97

The tables may later be deleted by running

[postgres@leliriumtutorial]$ ./executesqlfile dropnovies.txt ull man97

4.3 Querying and retrieving from the database

This section will introduce the basics of BetaDBC: connecting to data sources, executing ssimple
gueries and retrieving the results.
Consider the simple SQL statement

SELECT *

FROM Movi e
WHERE st udi oName = ‘Di sney’ AND year = 1990;

An application that uses BetaDBC, executes the above query and retrieves the result may look like:



ORIA N '../betadbc'

-- program Descriptor --

(#
sql Con: @onnection
stnt: @ql Con. direct Sql St at enent;
rs: “sql Con.result Set

do
(2->argunent s, 3- >ar gunent s, 4- >ar gunent s) - >sqgl Con. open
"SELECT title, Iength FROM Movi e WHERE studi oNane = ''Disney'' AND year = 1990
->stnt;
stnt.execute->rs[];
rs.scan
(#
do
"title: '->puttext;
current.s->putline;
"length: '->puttext;
current.i->putint;
new i ne
#)
stnt.cl ose

sql Con. cl ose
#)

The program starts out by declaring a connection, adi r ect SQLSt at erent belonging to that
connection and ar esul t Set belonging to that connection. The connection is used in order to
connect to a data source in the first line of the program:

(2->argunent s, 3->ar gunent s, 4- >ar gunent s) - >sql Con. open

Connect i onsopen method takes as arguments a name of the connect i on, ausername and a
password. Thus an invocation of the program like

[postgres@leliriumtutorial]$ ./sinple ull man97 marius foobar

means that the first statement will be an attempt to connect the user “ marius’ with password
“foobar” to the data source named ‘ullman97’. If this succeeds

"SELECT title, length FROM Movi e WHERE studi oNanme = ' ' Disney'' AND year = 1990
->stnt;

will set the contents of the di r ect SQLSt at enent stmt to the query we want to execute.
Executing the query yieldsar esul t Set holding a cursor for the result

stnt. execute->rs[];

Ther esul t Set may then be scanned. During the scan “cur r ent ” will hold areferenceto a
result representing arow inther esul t Set . The values of this result may then be accessed
consecutively by using the marker attributes



rs.scan

(#

do
"title: '->puttext;
current.s->putline;
"length: '->puttext;
current.i->putint;
new i ne

#)

Finally, in order to free resourcesthe di r ect SQLSt at ement and theconnect i on are closed.

4.4 Executesqlfile

The simple scheme presented in the last section can now be used for implementing the
execut esql fi |l e program. The execut eLoop shows how to reuse an SQLSt at enrent by
simply replacing it’ s textual contents

execut eTxt[]->sql Con. stnt

4.5 Embedded SQL — Using Shared Variables

Using shared variables makes it possible to use the values of BETA objects in place of a concrete
value in SQL statements. Using BETA and BetaDBC does not include using a preprocessor, which
makes it necessary to declare shared variables imperatively, asin

sqgl Con: @onnecti on
st udi oNane: @ ext ;
do ...;
‘ st udi oNane
- >sql Con. decl ar eText
(# set:: (# do val ue->studi oNane #);
get:: (# do studioNane[]->val ue[] #)
#);

Here a shared text variable named ‘ studioName' isdeclared. The‘set’ patternisfinal bound to
describe how the shared variable' svalueisto be set. ‘Get ’ isfinal bound to describe how the
value of the shared variable is to be fetched.

Then, using embedded SQL syntax, one may use shared variables in SQL statements:

stnt: @ql Con. direct SQLSt at enent ;
do ...;

"I NSERT | NTO St udi o( nanme, address) VALUES (:studi oNanme, :studi oAddr)
->stnt;

This means that when executing st nt , “:st udi oNanme’ and ‘:st udi oAddr’ will
(conceptually) be replaced by the values of the BETA textvariables ‘st udi oNane’ and

“:st udi oAddr’ , and the resulting SQL statement will then be executed.

Using BetaDBC it is possible to declare most commonly used objects as shared variables (i.e.
boolean, integer, real, text, date and time). The figure below shows a full program that will execute
the statement above. ‘st nt . get Expanded’ returnsin atext how the SQL statement would look
if it was executed at that point.
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ORIA@ N '../betadbc';
-- program Descriptor --
(# sql Con: @onnecti on;
stnt: @ql Con. direct Sql St at enent;
st udi oNane, st udi oAddr: @ ext
do (2->argunents, 3->argunents, 4- >ar gunent s) - >sql Con. open;
' st udi oNane'
->sql Con. decl ar eText
(# set:: (# do val ue->studi oNane #);
get:: (# do studioNane[]->value[] #)
#);
' st udi oaddr’
->sql Con. decl ar eText
(# set:: (# do val ue->studi oAddr #);
get:: (# do studioAddr[]->value[] #)
#);
"Input a studio nane: '->puttext ;
get Li ne- >st udi oNane. put t ext ;
and address: '->puttext;
get Li ne- >st udi oAddr . put t ext;
"I NSERT I NTO Studi o(nane, address) VALUES (: studi oNane, : studi oAddr)’
->stnt;
st nt . get Expanded- >putli ne;
stnt.cl ose;
sql Con. cl ose
#)

Program 3: embedded.bet

4.6 Embedded SQL - Fetching results

Suppose that we are executing a statement that return aresult — as e.g. a select statement. Embedded
SQL can then also be used to fetch results directly into shared variables. In BetaDBC thisis done
through the use of the scan pattern. Suppose we are executing

' SELECT Movi eExec. nane, netWrth FROM Studi o, Myvi eExec WHERE presCNo = certNo
AND St udi 0. nane = : st udi oNaneg'

Then,
":presNanme :presNetWorth'
->(stnt.execute).scan
(# ... #)

will cause the first column in each result tuple to be assigned to the shared integer variable
‘presName’ , and the second columnto ‘pr esNet Wor t h’ . The full code is shown below:
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ORIA N '../betadbc';
I NCLUDE ' ~bet a/ basiclib/formatio';
-- program Descriptor --
(# sql Con: @onnection
stnt: @ql Con. directSql Statenent;
st udi oNan®, presNane: @ ext;
presNet Wrth: @ nteger
do ' studi oNane'
- >sql Con. decl ar eText

(# set:: (# do value->studioNane #);
get:: (# do studioNane[]->value[] #)

#);

' presNane'
- >sql Con. decl ar eText

(# set:: (# do value->presNane #);
get:: (# do presNang[]->value[] #)

#);

"presNet Worth'
- >sql Con. decl ar el nt eger
(# set:: (# do value->presNetWorth #)
get:: (# do presNetWirth->val ue #)

#);
(2->argunent s, 3- >ar gunent s, 4- >ar gunent s) - >sql Con. open
"I nput a studio nane: '->puttext;

get Li ne- >st udi oNane. putt ext;
' SELECT Movi eExec. nane, netWrth FROM Studi o, Movi eExec WHERE presCNo =
certNo AND St udi 0. nanme = :studi oNanme
->stnt;
st nt . get Expanded- >put | i ne;
" presNanme :presNetWrth'
->(stnt.execute).scan

(#
do 'The net worth of the president % \nof % is % $\n'
- >put For mat
(# do presNane[]->s; studioNanmg[]->s; presNetWorth->i #)
#);
stnt.cl ose

sql Con. cl ose
#)

4.7 An adhoc query evaluator

We now have most of the building blocks to create an adhoc query evaluator, i.e. a program that
connects to a data source and in aloop prompts for SQL statements that are to be executed on this
data source. The following implements such a program.

Aslong as the user inputs anything but an empty line thisinput is sent to the data source as an SQL
statement:

getline->stnt
(if (stnt).enmpty then leave L if);
stnt.execute->res[];

If succesful, the result is examined. First the column information of ther esul t Set is extracted:
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(for j: res.columCount repeat
"Us: 9%\t'->put For mat
(#
do (j->res.getColum).nane[]->s
(j ->res. get Col um) . dat aTypeNane[] ->s
#)
for);

Each resultSet hasa col utmCount yielding the number of columnsinther esul t Set . For each
column, information such as nane and dat aTypeNane (a DBMS specific datatype name) may
be retrieved.

If the col utMmCount is non-zero, the results are fetched:

(if res.columCount > 0 then
res.scan
(#
do (for i: res.columCount repeat
(if (i->res.getCol um). Dat aType##
/] text## then
current.s->puttext
/1 integerQoj ect## then
current.i->putint
/1 real Object## then
current.f->putrea
/'l bool eanhj ect ## t hen
(if current.b then
"true' ->puttext;
el se
'fal se' ->puttext
if)
/] tine## then
current.t->puttine
el se
" Unknown data type!!!'->puttext
if);
"\t'->puttext
for);
new i ne
#)
el se
' DML/ DDL statenent executed successfully!'->putLine
if)

Again the information about columnsinther esul t Set isused. By evaluating
(i->res. get Col um) . Dat aType##

the BETA pattern corresponding to the SQL datatype in column i isfound.
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ORI G N ' ~bet a/ basi cl i b/ bet aenv'
I NCLUDE ' ../ bet adbc
' ~beta/basiclib/formatio
' ~bet a/ basi cl i b/ nunberi o' ;
-- program Descriptor --
(# sql Con: @onnecti on;
stnt: @ql Con. Di rect SQLSt at enmrent
res: “sql Con. Resul t Set
do (2->argunents, 3->argunents, 4- >ar gunent s) - >sql Con. open

L: cycle
(#
do 'Statenent to execute: '->puttext;

getline->stnt
(if (stnt).enpty then leave L if);
stnt.execute->res[];
(for j: res.columCount repeat
"Us: s\t
- >put For mat
(#
do (j->res.getColum).nane[]->s
(j ->res. get Col um) . dat aTypeNane[] ->s

#)
for);
new i ne;
(if res.columCount > 0 then
res.scan
(#
do (for i: res.columCount repeat
(if (i->res.getCol um). DataType##
/1 text## then
current.s->puttext
/1 integerQoj ect## then
current.i->putint
/1 real Object## then
current.f->putrea
/1 bool eanChj ect ## t hen
(if current.b then
"true' ->puttext;
el se
'fal se' ->puttext
if)
/1 time## then
current.t->puttime
el se
" Unknown data type!!!'->puttext
if);
"\t'->puttext
for);
new i ne
#)
el se
' DML/ DDL statenent executed successfully!'->putLine
if)

#),

ot nmt Al AcA-

Program 5: adhoc.bet

5 Interface Descriptions
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5.1 Overview of ‘betadbc.bet’

ORI G N ' ~bet a/ basi cl i b/ betaenv';
I NCLUDE ' ~bet a/ basi cl i b/ ti medat e’
"shortintobject’;

BODY ' pri vat e/ bet adbcbody’ ;

-- lib: Attributes --

Connection: (*)

(#
<<SLOT ConnectionLi b: Attri but es>>;
declareVar: (*) ...;
decl arel nteger: (*) declareVar ...;
decl areReal : (*) declarevar ...;
decl areText: (*) declarevar ...;
decl areBool ean: (*) declareVar ...;
decl areDate: (*) declarevar ...;
decl areTine: (*) declarevar ...;
SQStatement: (*) ...;
directSQLStatenent: (*) SQStatenent ...;
preparedSQLStatenent: (*) directSQStatenment ...;
resultSet: (*) ...;
open: < (*) ...;
close:< ...;
connecti onExcepti on: < BDBCException ...;
connecti onWar ni ng: < BDBCWArning ... ;
private: @<SLOT ConnectionPrivate: Descri ptor>>
#)
BDBCException: (*) Exception ...;
BDBCWar ni ng: BDBCException ...

5.2 Details of ‘betadbc.bet’

ORI G N ' ~bet a/ basi cl i b/ betaenv';
I NCLUDE ' ~bet a/ basi clib/timedate';
BODY ' pri vat e/ bet adbcbody’ ;
-- lib: Attributes --
Connection: (* A connection to a relational DBMS *)
(#
<<SLOT ConnectionLi b: Attri butes>>;
decl areVar:
(* Used to declare a wapper on a BETA object so that
* object may be used in SQStatenents *)
(#
var Name: “text;
set: <
(* Furtherbind this to set the value of the declared
* wrapper object to the value of the wapped object *) object;
get: <
(* Furtherbind this to get the val ue of
* the variable defined *) object
enter var Nane[]
<<SLOT Connnecti onDecl ar eVar : DoPar t >>
exit varNane[]
#)
decl ar el nt eger:
(* Declares a wapper around an integer *) declareVar
(#
set::< (# value: @nteger enter value do | NNER #);
get::< (# value: @nteger do I NNER exit val ue #)
#);
decl areReal : (* Declares a wrapper around a real *) decl areVar
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(#
set::< (# value: @eal enter value do | NNER #);
get::< (# value: @eal do INNER exit value #)
#);
decl areText: (* Declares a wapper around a text *) decl areVar
(#
set::< (# value: "“text enter value[] do INNER #);
get::< (# value: “text do INNER exit value[] #)
#);
decl ar eBool ean: (* Declares a wapper around a bool ean *) decl areVar
(#
set::< (# value: @ool ean enter value do I NNER #);
get::< (# value: @oolean do INNER exit val ue #)
#);
decl ar eDat e:
(* Declares a wapper around a 'date'. Only the year, nmonth and day
* attributes of the tinme value object are taken into account
*) decl areVar
(#
set::< (# value: @ine enter value do | NNER #);
get::< (# value: @ine do INNER exit val ue #)
#);
decl ar ed ock:
(* Declares a wapper around a 'tine'. Only the hour, minute and sec
* attributes of the tinme value object are taken into account *)
decl ar eVar
(#
set::< (# value: @ine enter value do | NNER #);
get::< (# value: @ine do INNER exit val ue #)
#);
decl areTinme: (* Declares a wapper around a 'tine' *) declareVar
(#
set::< (# value: @ine enter value do | NNER #);
get::< (# value: @ine do INNER exit value #)
#)
SQLSt at enent :
(* The abstract superpattern for all SQ statenents.
* To use an instance of a subclass of SQStatenent:

* 1. Set the statenents SQ contents by evaluating the enter part
* 2. Call '"execute'. Repeat 2, as necessary.

* 3. Goto 1., if necessary

* 4. Call 'close'

*

H*

<<SLOT SQL.StatenentLib:Attributes>>;
execut e: <
(* Executes this(SQStatenment) *)
(# res: "Resul t Set
<<SLOT SQLSt at enent Execut e: DoPar t >>
exit Res[]
#)
cl ose:
(* doses this(SQStatenent).

* Call close when done with this(SQStatenent) *)
(# <<SLOT SQLsStatenentd ose: DoPart>> #);
execExcepti on: < Bet aDBCExcepti on

(# do INNER #);
execWar ni ng: < Bet aDBCWar ni ng
(# do INNER #);
pri vate:
@<SLOT SQLSt atenent Privat e: Descri pt or >>;
get:< (# t: "text <<SLOT SQ StatenentGet:DoPart>> exit t[] #);
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set: <
(# t: ~text
enter t[]
<<SLOT SQLSt at enent Set : DoPart >>
#)
enter set
do | NNER
exit get
#);
di rect SQLSt at enent :
(* Use this statenent type if a statement will be executed at nost
* a fewtinmes. The contents nmay contain placeholders in the form
- :name designating that the shared variable naned "nane"
will be bound to that place
In addition al so
% for bool eans
% for clocks
%l for dates
% for reals
% for integers
% for texts
% for time
may be used when setting the contents of this(directSQStatenent)
*) SQ.St at enmrent
(#

R R S R T

<<SLOT Direct SQStatenentLib: Attri butes>>;
current Mar ker:
(* The current marker deci des which placehol der will be set
* if one of the subpatterns of "marker" is used
*) @
(#
set:
(#
enter no
<<SLOT Di rect SQLSt at enent Cur r ent Mar ker Set : DoPar t >>
#)
get:
(#
<<SLOT direct SQLSt at emenCur r ent Mar ker Get : DoPar t >>
exit no
#);
no: @ nteger
enter set
exit get
#)
nmar ker :
(* Abstract superpattern for markers.
* Advances current Marker by 1
*) (# <<SLOT directSQStatenent Marker: DoPart>> #);
b.

(* Set placehol der nunber ' current Marker'
* to the bool ean 'value' *) marker

(# val ue: @ool ean

enter val ue

<<SLOT direct SQLSt at enent B: DoPar t >>

#)
c:
(* Set placehol der nunber ' current Marker'
* to the clock 'value' *) marker

(# value: @ine

enter val ue

<<SLOT direct SQLSt at enent C. DoPar t >>
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#)
d:
(* Set placehol der nunber ' current Marker'
* to the date 'value' *) marker
(# value: @ine
enter val ue
<<SLOT direct SQLSt at enent D: DoPar t >>
#)
f:
(* Set placehol der nunber ' current Marker'
* to the real 'value' *) marker
(# value: @-eal
enter val ue
<<SLOT direct SQLSt at enent F: DoPar t >>
#)
I
(* Set placehol der nunber ' current Marker'
* to the integer 'value' *) marker
(# value: @nteger
enter val ue
<<SLOT direct SQLSt at enent | : DoPar t >>
#)
s:
(* Set placehol der nunber ' current Marker'
* to the text 'value' *) marker
(# value: "text
enter val ue[]
<<SLOT direct SQLSt at enent S: DoPar t >>
#)
t: (* Set placehol der number 'current Marker'
* to the tine 'value' *) marker
(# value: @ine
enter val ue
<<SLOT direct SQLSt at enent T: DoPar t >>
#)
execute::
(#
<<SLOT Direct SQLSt at enent Execut e: DoPar t >>
#)
execDi rect Excepti on: < Bet aDBCExcepti on
(# do I NNER execDirect Exception #);
execDi rect War ni ng: < Bet aDBCWar ni ng
(# do INNER execDirectWarning #);
private: @<SLOT Direct SQLSt at enent Pri vat e: Descri pt or >>;
set:: <
(#
<<SLOT Direct SQLSt at enent Set : DoPar t >>
#)
get Expanded:
(* Get the contents of this(directSQStatenent)
* as it would appear if the statenent was executed now *)
(# value: "text
<<SLOT direct SQLSt at enent Get Expanded: DoPar t >>
exit value[]
#)
do | NNER
#);
pr epar edSQLSt at enent :
(* Use this statenent type if a statement will be executed nmultiple
* tinmes with different bindings.
* ONLY | MPLEMENTED AS A DI RECT STATEMENT
*) direct SQLSt at enrent
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(# <<SLOT PreparedSQ.StatenentLib: Attributes>> do | NNER #);
resul t Set:
(* Aresult of an SQLStatenent
* |f columCount <> 0 then the resultSet is scanable.
* A resultSet can be scanned at npbst once.
*)
(#
<<SLOT Resul t Set Li b: Attri but es>>
col umCount :
(* The nunber of colums in this(resultSet) *) integerValue
(# <<SLOT Resul t SetlnfoNoOf Col s: DoPart >> #);
r owCount
(* If the statenent that created this(resultSet) was a
* 1. I NSERT, DELETE or UPDATE st at enment
* rowCount yield the nunber of rows
* affected by the statenent
* 2. SELECT st atenent
* rowCount MAY (i.e. does not in all circunstances) yield
* t he number of rows sel ected
*) integerValue (# <<SLOT Result Setl|nfoRowCount: DoPart>> #);
col um:
(* Acolum in this(resultSet) *)
(#
nanme: “~Text;
no: @ nteger;
dat aType
(* The BETA pattern corresponding to the SQ datatype
* for this colum. If the SQ. datatype is DATE, TIME or
* TI MESTAMP t hen the correspondi ng BETA pattern wll
* be tine
*) ##oj ect ;
dat aTypeNane: (* DBMS specific type nane *) "Text;
dat aTypeNo: (* ODBC specific nunbering of SQ. datatypes *)
@ nt eger;
nul | Abl e: @Bool ean

#)
getColum: (* Gets the columm nunber 'i' in this(resultSet) *)
(# i: @nteger; res: “~colum
enter i
<<SLOT Resul t Set | nf 0Get Col umml nf o: DoPar t >>
exit res[]
#)

get Col utmByNane:

(* Gets the colum designated by 'nane' in this(resultSet) *)
(# name: ~Text; res: "~Colum; naneNot Found: < exception
enter nane[]
<<SLOT Resul t Set | nf oget Col umml nf oByNane: DoPar t >>
exit res[]

#)
result:
(* Arowin this(resultSet). If the enter paraneter of the
* scan operation that created this result contained
* % placehol ders the values of these nay be retrieved
* by using the markers bel ow
*

)
(#
<<SLOT Resul tLib: Attri butes>>;
nmar ker :
(* Gets the value of a % placehol der and advances
* the placehol der currently referred to
*) (# <<SLOT result Set ScanMar ker: DoPart >> #);
b: marker
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#);

scan:
(* Scans over the rows of this(resultSet).

A pattern nmay be entered. The pattern entered may either
contain

1. Nanmed columms of the form

*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

or

(# val ue: @ool ean
<<SLOT resultSet ScanB: DoPart >>
exit val ue
#);
mar ker
(# value: @ine
<<SLOT resultSet ScanC. DoPart >>
exit val ue
#);
mar ker
(# value: @ine
<<SLOT resultSet ScanD: DoPart >>
exit val ue
#);
mar ker
(# value: @eal
<<SLOT resultSet ScanR DoPart >>
exit val ue
#);
mar ker
(# value: @nteger
<<SLOT resultSet Scanl : DoPart >>
exit val ue
#);
mar ker
(# value: "text
<<SLOT resultSet ScanS: DoPart >>
exit val ue[]
#),
mar ker
(# value: @ine
<<SLOT resultSet ScanT: DoPart >>
exit val ue
#);

private: @<SLOT resultSetResultPrivate: Descriptor>>

"nanel:varl nane2: % nanme3:var?2
whi ch neans that the colum naned ' nanel' (' nane3')
is bound to the variable named 'varl' (‘var2') and the
colum naned 'nane2' nmay be retrieved fromthe
current result using the '"i'-nmarker.

2. Consecutive colums of the form

"varl % var2
whi ch neans that the first (third) colum in each result
is bound to the variable named 'varl' ('var3') and that
the val ue of the second colum may be retrieved fromthe

current result using the "i'-marker
or
3. Not hi ng
whi ch neans that the values of the colum nay be
retrieved fromthe current result using the % markers
corresponding to the types of the values in the result
)
(#

current: @esult;
var Not Decl ar ed: <
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(* Raised if variable used in the entered
* pattern was not found *) exception
(# nanme: ~text enter name[] do | NNER #);
unknownCol um: <
(* Raised if this is a named scan and
* named col um was not found *) exception
(# nanme: ~text enter name[] do | NNER #);
pattern: “text
enter pattern[]
<<SLOT resul t Set Scan: DoPar t >>

#);
resul t Set Excepti on: < Bet aDBCExcepti on
(#
do | NNER resul t Set Excepti on
#);

resul t Set War ni ng: < Bet aDBCWar ni ng
(# do INNER resul t SetWarning #);
pri vate:
@<SLOT Resul t Set Pri vat e: Descri pt or >>
#);
open: <
(* Opens this(connection). The nane of the connection
* to be opened nust be suppli ed.
* Suppl yi ng user Nane and/or password is voluntary.
*
)
(#
name: “text;
user Name: “text;
password: “text;
openConnecti onExcepti on: < Bet aDBCExcepti on
(# do I NNER openConnecti onException #);
openConnect i onWar ni ng: < Bet aDBCWar ni ng
(# do I NNER openConnecti onVar ni ng #)
enter (nane[], userNane[], password[])
<<SLOT Connecti onOpen: DoPart >>
#);

cl oseExcepti on: < Bet aDBCExcepti on
(# do INNER cl oseException #);
cl oseWar ni ng: < Bet aDBCWar ni ng
(# do INNER cl oseWarning #)
<<SLOT Connecti ond ose: DoPart >>
#);
connecti onExcepti on: < Bet aDBCExcepti on
(# do INNER connecti onException #);
connecti onWar ni ng: < Bet aDBCWarning (# do I NNER connecti onWarni ng #);
private: @<SLOT ConnectionPrivate: Descri ptor>>
#)
Bet aDBCExcept i on
(* Low level interface for catching exceptions.
* A general exception nessage is supplied in nsg,
* SQ states and native error codes in SQState,
* NativeError in a comma-separated |ist
*) Exception
(#
SQLState: @ext;
Nati veError: @ext;
Handl eType: @ nteger;
Handl e: @ nt eger
enter (Handl eType, Handl e)
<<SLOT DBEnvBDBCExcepti on: DoPart >>
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#);
Bet aDBCWar ni ng: Bet aDBCExcepti on
(# do true->continue; |INNER #)

6 Text files for the tutorial

6.1 createmoviedbtables.txt

CREATE TABLE Movi eStar (
name CHAR(30),
addr ess VARCHAR( 255),
gender CHAR(1),
bi rt hdat e | NTEGER

)

CREATE TABLE Movi e (
title VARCHAR(255),
year | NTEGER,
| engt h | NTEGER,
inColor BIT,
st udi oNane CHAR(50),
producer CNo | NTEGER

)

CREATE TABLE Starslin (
novi eTi t| e VARCHAR(255),
novi eYear | NTEGER,
st ar Name CHAR( 30)

)

CREATE TABLE Movi eExec (
name CHAR(30),
addr ess VARCHAR( 255),

cert No | NTEGER,
net Wrt h | NTEGER

)
CREATE TABLE Studio (
name CHAR(50),

addr ess VARCHAR( 255),
presCNo | NTEGER

6.2 deletemoviedbtables.txt

DROP TABLE Mbvi eSt ar;
DROP TABLE Mvi e;
DROP TABLE St arsln;
DROP TABLE Mbvi eExec;

DROP TABLE St udi o;

6.3 populatemoviedbtables.txt

-22-



7 References

[Date 1993] Date, C.J. and Darwen, H., A Guider to the SQL Sandard, Addison Wesley,
Reading, MA, 1993.

[Geiger 1995] Geiger, K. Inside ODBC, Microsoft Press, 1995.

[Ullman 1997] Uliman, J.D., Widom, J., A First Course in Database Systems, Prentice Hall
International, 1997.

-23-



